Serial postoperative ECGs were reviewed for all patients undergoing saphenous vein-coronary artery bypass graft (CABG) during 1969-71. Only the development of new pathologic Q waves were accepted as indicative of definite acute myocardial infarction (AMI). ST-T changes regardless of characteristics were not accepted as evidence of AMI. Operative mortality was 11% (27/253) with 59% (10/17) of those autopsied having AMI. Autopsy findings showed no false positives by ECG. Of survivors, 15% (33/220) had AMI. Another 2% (five) developed leftbundle conduction abnormalities and were considered probable for AMI. Among all patients having CABG, 20% (49/243) had AMI by ECG or autopsy.
M EDICAL therapy for patients with symptomatic coronary artery disease often gives inadequate relief of angina pectoris and has never been shown to prolong survival. As a result, various surgical procedures have been attempted as a form of therapy for this disease. Recently, saphenous vein grafts which bypass the coronary artery occlusion have been used widely with many satisfactory results. Although this procedure is clearly not without hazard, little has been reported about the morbidity associated with the surgery. As with any mode of therapy, the ultimate benefit must be weighed against-the risk of harmful side effects. The present, study makes an effort to evaluate the incidence of one common morbid effect of the coronary bypass, acute myocardial infarction.
Myocardial infarction, as a complication of myocardial revascularization procedures, has been reported following internal mammary implantation in 9-30% of patients. This was probably to be expected because a tunnel is made in the myocardium to accept these arterial grafts. Dietrich and associates' reported electrocardiographic changes consistent with an acute myocardial infarction following the Vineberg operation in . Thirty-one of these patients had internal mammary implantation, 17 had saphenous vein bypass surgery, and two had endarterectomies. Among 30 additional patients receiving vein-bypass surgery more recently in their series, 10% had a myocardial infarction.
The major cause of death during myocardial revascularization surgery is probably acute myocardial infarction.7 Myocardial infarction during surgery is responsible for many postoperative problems which include arrhythmias, congestive heart failure, shock, and acute renal failure. The long-term effects of surgically induced infarction on myocardial function and angina relief are unknown. Ventriculographic evidence of impaired myocardial contractility was found in six of eight patients (75%) who had myocardial infarction with surgery when restudied postoperatively.2
The purpose of the present study was to examine the serial electrocardiograms and autopsy material in the first 270 patients operated upon at Duke University Medical Center for evidence of definite myocardial infarction associated with saphenous vein bypass surgery and to analyze various clinical parameters in these patients with regard to their outcome.
Methods
The experience at Duke University Medical Center with the saphenous vein-aortocoronary bypass was reviewed. This series included 270 consecutive patients operated upon between November 18, 1969 and November 19, 1971 . Patients having other surgical procedures performed in addition to coronary bypass were excluded. Also omitted from the ECG series were patients with left bundle-branch block on preoperative ECGs who thus could not be adequately assessed by ECG postoperatively. All patients had standard 12-lead ECG tracings taken within a few days prior to surgery, and had serial tracings after surgery with the first taken immediately upon arrival in the recovery room.
The ECG criteria of acute infarction employed were designed to accept as infarction only those patients who showed the acute development of significant pathologic Circulation, Volume XLVII, January 1973 Q waves. The Q-wave criteria used to evaluate the ECGs were essentially class I-1 and 1-2 of the Minnesota code reported by Blackburn et al. 8 ST-T wave changes regardless of magnitude, configuration, or duration were not accepted as evidence of myocardial infarction in the absence of new Q waves. Those patients who had Q-wave infarction also had the usual evolutionary ST-T changes consistent with an acute myocardial infarction. The ECGs were evaluated independently by four experienced electrocardiographers and, if agreement did not occur, the patient was counted as having no infarction.
Autopsy data on those patients who died in the operating room or early in the postoperative period were reviewed to correlate with ECG changes and to assess the presence of an acute MI in the patients who died before a postoperative ECG was obtained. Postmortem cardiac evaluation was carried out by the cardiac pathology section at Duke University and included microscopic assessment of all suspected coronary artery lesions and of sample sections of the entire myocardium as well as radiographic assessment of coronary artery injections with barium-impregnated latex.
Results
There were 270 patients undergoing the CABG during the 2 years surveyed. Eighteen of these were excluded from this study because they also underwent other cardiac surgical procedures during the same anesthesia: Total number excluded 18 Of the remaining 252 patients, there were 27 operative deaths (10.7%) including one death during induction of anesthesia. Among the patients who died, 13 had postoperative ECGs and six of these showed definite acute MI. Seventeen of the patients who died immediately had an autopsy performed, and of these patients 10 showed anatomic evidence of acute myocardial infarction (58.8%). There were five patients who had acute MI by postoperative ECG and also had an autopsy. All five had anatomic confirmation of acute infarction. One patient who died developed left bundle-branch block by ECG postoperatively and had multiple small areas of acute infarction at autopsy. Of three patients who died but whose ECGs failed to show Q-wave changes, two (67%) were found to have acute infarction anatomically and thus the ECGs were falsely negative. Twenty of the 27 fatal cases had either a postoperative ECG or an autopsy, of whom 11 (55%) had acute infarction.
For the ECG study, there were five patients excluded because of preoperative LBBB which prohibited adequate assessment of the ECG postoperatively. Among the remaining 220 survivors of the surgical period, 33 (15.3%) had definite acute MI by ECG ( fig. 1 ). The QRS changes of infarction were present in the first tracings taken in the recovery room. The ECG changes indicative of definite MI persisted for the period of hospitalization, and essentially all were still apparent in the most recent follow-up ECG. Another five patients developed either LBBB (two) or left anterior hemiblock (three) at the time of surgery, and were considered probable acute MIs. Including these five patients the frequency of infarction among survi- Myocardial infarction in vein bypass surgery in 270 patients. vors increased to 17.3%. Confirmation of infarction at autopsy was found in one patient who developed a conduction disturbance postoperatively.
Considering both the patiernts who survived and those who died with surgery and including the development of bundle-branch conduction abnormalities as evidence of infarction, the overall frequency of acute myocardial infarction was 20.4%. The distribution of infarcts by ECG location is given in table 1. Complete preoperative, surgical, and follow-up data were available on 25 of the 33 surgical survivors who had acute myocardial infarction at surgery and on 152 survivors with no infarct at surgery. The mean age of the two groups was not significantly different. The age of the MI group was 51.4 ± 7.5 years with a range of 37-67, and the age of the survivors without an MI was 49.6 ± 7.5 years with a range of 30-66. The mean duration of angina prior to surgery was 42 months for the MI group and 43 months for the group without MI. There was, however, a large SD for each of these groups (-37.1 months and ± 45.8 months, respectively). As seen in table 2, there was no significant difference between the two groups in the incidence of coronary risk factors including sex, previous history of myocardial infarction, hypertension, diabetes mellitus, cigarette smoking, abnormal lipoprotein electrophoretic pattern, obesity, previous history of heart failure, or digitalis therapy. The apparent difference in the occurrence of hypertension and diabetes in the two groups was not statistically significant.
The majority of patients receiving saphenous vein bypass surgery at this institution are New York Heart Association (NYHA) class III or IV for angina (89%). Table 3 shows that there was a significant difference in functional class for angina between the two groups. Seventy-six percent of the patients in the MI group had class IV chest pain, whereas only 53% of the no-MI group were class IV (P <0.05). There was no significant difference in the number of vessels having total or subtotal (70% or greater obstructive lesions) disease in the two groups or in the distribution of these coronary lesions as shown in table 4. Left ventricular asynergy and the incidence of mild-to-moderate mitral insufficiency were equal in each category. Table 5 demonstrates that there was no signfficant difference in hemodynamic parameters in the two groups. The pulmonary arterial pressure, pulmonary capillary wedge pressure, and left ventricular end-diastolic pressure were not different for the two groups. Similarly, cardiac index, biplane ejection fraction, end-diastolic volume, and endsystolic volume were not significantly different in the two groups.
Comparing the two groups, a significant difference was observed with regard to the number of vessels to which grafts were inserted. Twenty percent of the MI group received three grafts whereas only 5.9% of the no-MI group received three grafts (P < 0.02). The location of the vessel grafted made little difference in the two groups. The presence of collateral circulation as judged angiographically was not significantly different in either group. The length of time spent on cardiopulmonary bypass correlated significantly with the incidence of myocardial infarction at surgery. The pump time was 120 min or greater in 33% of the infarct patients and only 13% of the no-MI group (P < 0.02). Twenty-nine percent of all patients with a pump duration greater than 120 min had an infarct with surgery (table 6) . The site of infarction as determined by ECG was in an area of distribution of a grafted coronary artery in 29 of 33 cases. At autopsy, this was the case in all 10 patients with acute MI. Patency of the grafts as determined at autopsy did not correlate with the presence or absence of acute MI.
Follow-up data obtained 3-22 months postoperatively revealed no difference in the functional class for angina for the two groups as shown in table 7. Both groups showed an equal amount of improvement. Preoperatively, 89% of all patients were NYHA class III or IV for angina, and postoperatively 76% were class I or II for angina. Late death (after discharge from the hospital) occurred in 5.3% of the MI group and 7% of the no-MI group. NYHA class IV congestive heart failure occurred more frequently in the MI group following surgery (13% vs 2%, P < 0.02).
Postoperative treatmill exercise tests were performed in 64% of the MI group and 66% of the no-MI group from 6 months to 2 years after surgery. Inadequate performance on the treadmill manifested by inability of the patient to reach his target rate (85% of the maximum predicted heart rate for his age) was obtained in 31% and 27% of the two groups, respectively. If the patient had an adequate stress on the treadmill only 18% were positive in the MI group whereas 40% were positive in the no-MI group.
Discussion
Even by stringent ECG changes, definite acute MI occurred in 15-17% of patients surviving the coronary vein bypass surgery and in 20.4% if one includes those who died at surgery. It is likely that this report underestimates the number of infarcts since the ECG criteria employed have, no doubt, excluded a significant number of patients with less striking evidence of infarction (false negatives). It is recognized that ST-T changes commonly occur secondary to pericardial inflammation after coronary vein bypass surgery. The pcesence of such changes makes it nearly impossible to reliably recognize subendocardial or nontransmural infarctions by postoperative ECG. Another cause of difficulty in detecting acute MI by ECG in these patients is the presence of previous infarctions, often multiple, which frequently obscure electrocardiographic changes of new infarction, even of the transmural type. Questionable QRS changes were interpreted as no significant change. Indeed, preliminary reports from a prospective study now under way in this hospital designed to examine both isoenzymes specific for cardiac damage and ECG changes in the postcoronlary bypass patients indicate that acute myocardial infarction is detectable twice as frequently by isoenzyme criteria as by Qwave changes in ECG. Among the patients in ' whom there was an opportunity to correlate autopsy findings with ECG changes, it was noted that there were no false positives by ECG. There were, however, two patients who had an acute myocardial infarction at autopsy but no change in his postoperative ECG. Despite the realization that our criteria underestimate the true incidence of acute infarction, one of five patients undergoing coronary bypass surgery were found to have acute infarction during the surgical period. Thus, the present study has demonstrated that, in our experience, the occurrence of acute MI at the time of coronary bypass surgery is a common event.
Furthermore, there is little doubt that if more sensitive means of detecting the infarction were employed, one would detect an even greater frequency than that noted from ECG data alone. The group of patients who developed infarction at surgery had more severe angina preoperatively. The occurrence of infarction at surgery is more likely in those patients having three vessels grafted or having pump times over 120 min. Only 14% of those patients with pump times of 120 min or more received three grafts. The majority of patients dying at surgery had an acute infarction at autopsy. Severe congestive heart failure was more likely postoperatively in those with a myocardial infarction occurring at surgery.
The treadmill data indicate that those patients having an MI with surgery have fewer positive treadmills postoperatively than in the no-MI group. This suggests that the infarction may convert some of the stress tests to negative as well as reducing angina following surgery.
The mechanism of infarction at surgery is unknown. The findings that the infarction does not occur more frequently in grafts that are occluded at autopsy than in those that are patent suggests that Circulation, Volume XLVII, January 1973 the infarction may be the result of a technical problem at surgery. The occurrence of more infarctions with longer pump times supports this concept. Myocardial infarction certainly occurs with other types of surgery and may be a risk of anesthesia alone. The study by Topkins and Artusio of 12,700 consecutive surgical patients over a 5-year period reported an incidence of 0.66%-postoperative myocardial infarction in patients without a previous infarction and 6.5% for patients who had known preoperative infarction with definite ECG changes.9 Certainly, the occurrence of infarction is higher in the present study and must relate to direct coronary artery surgery or cardiopulmonary bypass.
Aldridge and Trimble reported progression of proximal coronary artery lesions to total occlusion following aortocoronary-saphenous vein bypass surgery.10 This is not unexpected since most, if not all, the flow would pass through the graft which has a larger caliber and is a lower resistance pathway. As long as the graft remains patent one might conclude that the proximal occlusion in the native circulation would be of little consequence. On the other hand, branches might arise from the native circulation proximal to the bypass graft yet distal to the newly occluded segment. As the proximal segment becomes thrombosed, the myocardium supplied by these branches is infarcted.
It is important to emphasize that many patients with acute MI by ECG had a postoperative course which was no more complicated than the course of patients without QRS changes. On the other hand, 55% of patients dying at surgery had-an acute MI, most of these patients dying of pump failure or intractable arrhythmias. Follow-up data indicate that the survivors of acute MI have a higher occurrence of severe congestive heart failure. In any event, it may well be that the MI occurring during the surgical period under anesthesia and often with hypothermia is better tolerated than the usual acute infarction. Indeed, experimental work more than 30 years ago in dogs" demonstrated mortality from coronary ligation to be three to four times as great in conscious dogs as in anesthetized animals. All deaths were associated with ventricular arrhythmias. Pathologically, additional areas of ischemia around the infarcted area were noted in the conscious dogs, while absent in those anesthetized. A sequential study12 showed a similar decrease in mortality by removing stellate and upper thoracic ganglia before inducing infarction. At the time it was postulated that reflex arterial spasm, probably involving pain sensation, was prevented by anes-63 thesia or denervation prior to the induction of infarction.
Even if the acute MI in the surgical patient were a totally benign event (which seems untenable), it is important that we recognize the true frequency of its occurrence and make every effort to reduce its incidence. In considering the findings in this study, one might speculate regarding the physiologic basis for the symptomatic benefit reported in patients surviving the coronary bypass procedure. One can conceive of at least four possible mechanisms of improvement in angina following the coronary bypass: (a) increased blood flow to ischemic areas of myocardium, (b) interruption of afferent nerve fibers for pain, (c) placebo effect, and (d) necrosis of ischemic areas of myocardium. If the latter mechanism is playing a significant role in the symptomatic benefits obtained, then it is important to recognize this fact and include it in any analysis of the efficacy of this new mode of therapy.
